ABSTRACT 16 17 A change in photoperiod has been implicated in triggering a transition from an active to a 18 quiescent state in Antarctic krill. We examined this process at the molecular level, to identify 19 processes that are affected when passing a photoperiodic threshold. Antarctic krill captured in 20 the austral autumn were divided into two groups and immediately incubated either under a 21 photoperiod of 12 hours light: 12 hours darkness (LD), simulating the natural light cycle, or 22 in continuous darkness (DD), simulating winter. All other conditions were kept identical 23 between incubations. After 7 days of adaptation, krill were sampled every 4 hours over a 24 24 hour period and frozen. Total RNA was extracted from the heads and pooled to construct a 25 suppression subtractive hybridisation library. Differentially expressed sequences were 26        2 identified and annotated into functional categories through database sequence matching. We 27 found a difference in gene expression between LD and DD krill, with LD krill expressing 28 more genes involved in functions such as metabolism, motor activity, protein binding and 29 various other cellular activities. Eleven of these genes were examined further with 30 quantitative polymerase chain reaction analyses, which revealed that expression levels were 31 significantly higher in LD krill. The genes affected by simulated photoperiodic change are 32 consistent with known features of quiescence, such as a slowing of moult rate, a lowering of 33 activity levels and a reduction in metabolic rate. The expression of proteases involved in 34 apolysis, where the old cuticle separates from the epidermis, showed particular sensitivity to 35 photoperiod and point to the mechanism by which moult rate is adjusted seasonally. Our 36 results show that key processes are already responding at the molecular level after just 7 days 37 of exposure to a changed photoperiodic cycle. We propose that krill switch rapidly between 38 active and quiescent states and that the photoperiodic cycle plays a key role in this process. 39 40
Introduction

4
In line with the definitions used with respect to dormancy in insects (Danks 1987), we use the 68 6 were exposed to either, 12 hours light: 12 hours darkness (LD), simulating autumn, or 118 continuous darkness (DD), simulating winter, for seven days. SSH and qPCR were then used 119 to identify genes that were differentially expressed between the two populations and to 120 characterise the level of up or down regulation. The probable function of these genes within 121 physiological processes was investigated through database searches and comparison to 122 homologues in other organisms. This study represents one the first applications of genomic 123 tools to understand the regulation of physiological processes in Antarctic krill. 124
Materials and methods
127
Experimental design 128
Live Euphausia superba were collected using a Rectangular Midwater Trawl net (RMT1+ 8) 129
130
Polarstern (ANTXXI-4). Immediately after capture, adult krill of mixed sex were transferred 131 into 65 L tanks (30 krill in each) filled with natural sea water, which were located in separate 132 constant temperature rooms at 0 °C. Photoperiod and light intensity were controlled in each 133 room by a PC-controlled timer system. The tanks were exposed to one of the following light 134 regimes to simulate Southern Ocean autumn and winter conditions respectively: experimental 135 their known, or proposed involvement in moulting, metabolism and motor activity (Table 1) (following Buchholz 1982). Given that some of the largest differences in gene expression 196 from the pooled-krill analysis were in genes proposed to be involved in moulting (see10 apolysis and D0 (or 1 st stage premoult), at the point of apolysis and just after (Fig. 2) . We 201 made a number of comparisons to examine how gene expression alters between these two 202 moult stages and how this is affected by the photoperiodic cycle (Table 2) . 203
204
Primers were designed around the Expressed Sequence Tag (EST) of interest, using Primer 3 205 (Rozen and Skaletsky, 2000) to generate PCR products of between 100 and 200 bp (Table 3) . 206
To normalise the data, primers were also designed against ESTs with significant homology to 207 the following three potential reference genes; beta actin, glyceraldehyde 3-phosphate 208 dehydrogenase (GAPDH) and phosphoenolpyruvate carboxykinase (PEP-CK). Beta actin 209 was found to be the most stable in the pooled krill analysis, while PEP-CK changed the least 210 in the individual krill analysis. 211 212 qPCR methodology: One microgram of total RNA was used to make first strand cDNA usingmastermix (Quantace), 600 nM of forward and reverse primers, 1 µl cDNA and sterile MilliQ 217 water in a total volume of 20 µl. The qPCRs were performed in duplicate on a Mx3000P 218 QPCR system (Agilent Technologies) with the following cycling conditions: 95 ºC for 10 219 min, followed by 40 cycles of 95 ºC for 30 sec, 60 ºC for 1 min and 72 ºC for 30 sec. A 220 dissociation curve step was then performed to ensure that only a single product had been 221 amplified in each reaction. Standard curves were performed for each primer pair with a 222 dilution series of cDNA. By plotting threshold crossing cycle (C t ) values against the log 10 ofbetween light regimes (LD and DD) and moult stages (C and D0) following normalisation 226 against the reference gene using the relative expression software tool REST 
Quantitative PCR analysis 255
To measure the level of differential gene expression between LD and DD incubated krill, 256 qPCR was first performed on 11 genes selected from the SSH library based on their known, 257 or proposed, involvement in moulting, metabolism and motor activity ( Table 1) given its function in new cuticle formation: 294 A, there was no significant change in the expression of serine collagenase, trypsin and CUB-295 serine protease before and after apolysis. However, there was a significant up regulation of 296 cuticle CB6 after apolysis (Fig. 4a) . 297 B, serine collagenase, trypsin and CUB-serine protease expression were down regulated 298 significantly (p<0.05) in DD stage C krill compared with LD stage C krill. Trypsin showed a 299 200 fold down-regulation in DD krill and serine collagenase, a 140 fold down regulation. 300
There was little difference in the expression of cuticle CB6 (Fig. 4b) . 301 C, none of the genes showed a significant change in expression between photoperiod regimes 302 immediately after apolysis i.e. stage D0 (Fig. 4c) . indicate that a number of genes encoding for proteins involved in growth, feeding and 323 swimming activity were expressed at levels greater in krill incubated in a LD photoperiod 324 than in krill incubated in a DD photoperiod. To clarify the differences in gene expression 325 between LD and DD krill further, qPCR was used on 11 genes highlighted by the SSH 326 procedure that were linked to moulting, feeding and motor activity (Table 1 ). All 11 genes 327
selected from the SSH library for qPCR were found to have expression levels higher in 328 pooled LD krill compared to pooled DD krill. Of these, the expression of eight genes showed 329 more than a two fold difference, which is traditionally used as a significance threshold for 330 expression levels (Leung and Cavalieri, 2003). 331 332
Functions of genes 333
The most striking differential gene expression patterns were shown by the proteases, serine 334 collagenase precursor, trypsin, and CUB-serine protease. Proteases play a major role in the 335 photoperiodic conditions were carried out over several months. The purpose of the present 432 study was to examine whether a response to photoperiodic conditions could also be initiated 433 over a shorter time interval. At 65 °S, the period of daylight decreases by 7 minutes per day, 434 or 49 minutes per week, as one passes from autumn to winter. It is therefore possible that a 435 set threshold may be passed within the period of a week and physiological cascades of non-436 essential processes become halted quickly. Although our experiments take krill to the 437 extreme of continuous darkness, we demonstrate that these organisms are capable of halting 438 processes within a matter of days. Although a number of studies have investigated the 439 process of dormancy in marine zooplankton (Dahms, 1995; Hirche, 1996) 
